The following paper reports the results of phytosociological research of tall-herb and tall-herb plant communities within the class Mulgedio-Aconitetea in the subalpine belt of the Krivánska Malá Fatra Mts. The data set of 209 relevés was sampled and analysed using numerical classification and ordination. Major ecological gradients were interpreted using Ellenberg's indicator values and the Shannon-Wiener diversity index. 
InTRoDucTIon
The class Mulgedio-Aconitetea Hadač et Klika in Klika 1948 comprises tall-herb and tall-grass communities in the altimontane to alpine belt found mainly on mesophilous habitats along mountain streams and on sheltered habitats with a sufficient supply of moisture and nutrients and with thick snow cover in winter. near the tree line, they occur predominantly on edaphically or mechanically conditioned natural (primary) tree-less places (talus cones, avalanche glens). These relatively species-rich communities are conspicuously multicoloured during the flowering period. In large depressions or small cirques, on convex or concave slopes on marl limestone, and more rarely in moist rocky glens among dwarf-pine stands, they form vegetation complexes with the subalpine deciduous shrub communities of the class Betulo carpaticae-Alnetea viridis Rejmánek in Huml et al. 1979 (Kliment et al. 2007a) .
although the national Park Malá Fatra Mts covers an area of only 226.3 km 2 , it is very diverse and miscellaneous. Even though the highest peak (Mt. Veľký Kriváň) reaches only 1,709 m a. s. l., several plant communities typical for an alpine vegetation belt occur there. Many various vegetation types are spread on such a small area in mosaics along the altitudinal gradient and according to geological bedrock, orientation and relief.
The species diversity and the uniqueness of the regional flora is a result of specific evolution of vegetation during the postglacial era, as well as during the last centuries, conditioned by Walachian colonisation (cf. Janík 1971 , Plesník 1955 ).
METHoDS
The data set of 209 phytosociological relevés was used for the analysis: 143 relevés were sampled by the authors and 66 relevés were excerpted from Slovak national Vegetation Database (http://ibot. sav.sk/cdf; see Šibíková et al. 2009 ). all relevés were gained following standard procedures of the Zürich-Montpellier School (braun-blanquet 1964 , Westhoff & van den Maarel 1978 , mostly using the modified 9-degree braun-blanquet sampling scale (barkman et al. 1964) , and older relevés by bělohlávková using the 7-degree old braun-blanquet sampling scale (braun-blanquet 1964) and stored in a TuRboVEG database (Hennekens & Schaminée 2001) . before performing the numerical synthesis, the cryptogam layer was excluded (due to the uneven determination of cryptogams in individual relevés), as well as the taxa determined only to genus level. Several taxa were included into the higher or broadly considered taxonomical units: Achillea millefolium agg. (subsp. alpestris, A. setacea), Alchemilla spec. div. (A. crinita, A. monticola, A. vulgaris, A. xanthochlora) (subsp. pratense, subsp. kotulae) . The subspecies in the tables (given without the species name) are marked with asterisks (*).
numerical classification was performed using the program Pc-oRD (Mccune & Mefford 1999 ). Ward's method with the Euclidean distance similarity coefficient was used. To decrease the difference between close values of higher absolute cover (cf. Lepš & Šmilauer 2000 , Herben & Münzbergová 2003 , data were transformed by square root transformation. The diagnostic taxa were calculated using a statistically defined coefficient of fidelity (phi coefficient, Φ; cf. chytrý et al. 2002) for particular groups of relevés, created by the cluster analysis of all 209 relevés, which represent individual syntaxa. Since the fidelity calculations for individual clusters are dependent on the number of relevés in the clusters, the standardisation of the size of all site groups was performed (with the target group being of the same size as the others; cf. Tichý & chytrý, 2006) . To reduce the effect of coincidentally occurring species in the data set, Fisher's exact test was used (cf. chytrý et al. 2002, chytrý 2007) with the significance level p < 0.001.
These diagnostic groups of species have local applicability, since they reflect the results of the analysis of data gained only from the area of the Krivánska Malá Fatra Mts (cf. Šibíková 2006) . Within them, the diagnostic species (fidelity value 0.30), constant species (frequency 60 %) and dominant species (cover > 50 %) were determined, corresponding to the results of numerical analysis of tall-grass and tall-herb plant communities of the Krivánska Malá Fatra Mts (cf. Šibíková 2006) . Diagnostic species for individual communities of the Krivánska Malá Fatra Mts are discussed and compared with the results of huge syntaxonomical revision of high mountain vegetation from the area of Western carpathians (Kliment et al. 2007a ).
The synoptic table was generated in JuIcE 6.4, the software for analysis and classification of ecological data (Tichý 2002) and finally arranged in the programme Microsoft Word. In the tables with few relevés (< 5) the frequency was replaced by the values of presence (P) of individual taxa. The synoptic table encompasses only those syntaxa which include more than three phytosociological relevés. Syntaxa supported by less than three relevés are stated in the text together with the citation of a recent paper, which deals with the syntaxon, or together with the relevés.
The syntaxonomical classification of the vegetation follows the results of broader syntaxonomical revisions of the class Mulgedio-Aconitetea within the Western carpathians (Kliment & Jarolímek 2003 , 2007a . The results of the regional synthesis from the Krivánska Malá Fatra Mts were interpreted in accord with the results of adduced broader revisions, whilst the regional particularities and differences were highlighted.
The main gradients in species composition of tall-herb and tall-grass plant communities in the Krivánska Malá Fatra Mts were analysed by detrended correspondence analysis (Dca) in the canoco 4.5 program package (ter braak & Šmilauer 2002) . For the interpretation from the ecological point of view, not only the floristic composition, but also the Ellenberg's indicator values (Ellenberg et al. 1992) and the Shannon-Wiener index of diversity (Hill 1973 , Tichý & Holt 2006 were used as supplementary data. However, both data sets were analysed as non-dependent variables to avoid tautological argumentation, i.e. the problem of "multiple testing" (cf. Herben & Münzbergová 2003) . canonical correspondence analysis (cca) was used to analyse the relations of the species composition of the vegetation and the environmental variables -altitude, slope, pH (H 2 o), cover of cryptogam layer and geological bedrock (calcite, granite, quartzite, marl and sandstone). only the relevés with all chosen environmental variables available (57 relevés) were analysed by cca.
The geological bedrock was identified directly in the field and checked in Regional Geological Maps of the Slovak Republic (Haško & Polák 1980) . The nomenclature of the taxa generally follows the checklist by Marhold & Hindák (1998) , except for these taxa: Carex sempervirens subsp. tatrorum (Zapał.) Pawł., Hieracium valdepilosum Vill., Lotus corniculatus var. alpicola beck. The names of syntaxa and lists of their diagnostic taxa follow the outline of Kliment & Jarolímek (1995) , Valachovič et al. (1995) , Valachovič et al. (2001) , Šibík et al. (2005) and Kliment et al. (2007b) . abbreviations are used in the text as follows: agg. = aggregate taxa, cf. = compare, spec. div. = various species, r. = relevé. 
STuDy aREa
Malá Fatra national Park lies in the northwest part of Slovakia (Figure 1 ). The geographical coordinates range within 49°08'00" -49°19'30" of the latitudes and 18°50'30" -19°14'45" of the longitude (Pagáč et al. 1983 ). The total area of the national according to the phytogeographical division of Slovakia (bertová 1984) , the area belongs to the West carpathian's flora region (carpaticum occidentale) and to the high central carpathian's flora district (Eucarpaticum). The geomorphological character of Malá Fatra Mts was formed during the postglacial era. It is marked out by the great altitudinal differences, steep slopes and hence by the relatively small mass of the mountains (Ložek 1972) . These facts, together with the specific position within high mountain ranges of the central carpathians (Malá Fatra Mts is the most northwestern mountain range and hence the first windbreaking barrier to strong north-western winds), miscellaneous geological bedrock and landscape heterogeneity contribute to an exceptional variability of natural ecosystems in the area.
The map of the study area with depicted localities of individual recent phytosociological relevés used in this work is shown in Figure 2 .
RESuLTS anD DIScuSSIon classification based on the broader syntaxonomical revisions of the class Mulgedio-Aconitetea within the whole area of the Western carpathians (Kliment & Jarolímek 2003 , 2007a , we decided to accept this concept of the class, although it differs in some aspects from the phytosociological systems published in neighbouring countries (cf. Pott 1995 , Karner & Mucina 1993 , Theurillat et al. 1995 .
In the interpretation of the dendrogram (Figure 3) , the fifth highest level of dissimilarity was taken into account. Individual clusters in the dendrogram represent particular, floristically well differentiated vegetation units, clearly interpretable also on the level of higher syntaxa. cluster c, which represents the alliance Festucion carpaticae and its only association Festucetum carpaticae, was formed on the highest level of dissimilarity. The uniqueness of this association caused in the past the disunited classification into higher syntaxa, for example into the alliances Seslerion coerulae (cf. braun-blanquet 1930) or Seslerion tatrae (cf. Hadač et al. 1969 , Dúbravcová & Hajdúk 1986 . The second cluster represents the alliance Calamagrostion arundinaceae (Figure 3, cluster b) . cluster a is identified as the order Adenostyletalia alliariae and the alliance Adenostylion alliariae. Within this cluster, a group of relevés was formed on the highest level of dissimilarity, identified as the sub-alliance Adenos- 
tylenion alliariae (a2). The second sub-alliance Delphinenion elati is represented by cluster a1. Within this cluster, relevés representing the associations Aconitetum firmi (the alliance Trisetion fusci, cluster D) and Aconito firmi-Rumicetum alpini (the alliance Petasition offcinalis, cluster E) were clustered on a lower level of dissimilarity (in comparison with other groups of association rank). This happened due to very similar ecological characteristics of the habitats, and hence close syngenetical relations and floristic composition (the occurrence of hygrophilous to spring species), as well as due to the disproportionately smaller number of relevés in comparison with other associations. another important factor is the absence of relevés from the most related associations of particular alliances (Trisetion fusci, Petasition officinalis), in latter case also of particular order (Petasito-Chaerophylletalia).
based on the dendrogram, the synoptic table (Tab. 1) of the associations of the class MulgedioAconitetea from the Krivánska Malá Fatra Mts was created. The diagnostic taxa in the table are ordered according to decreasing fidelity value (phi coefficient ×100; the significance level of the Fisher's exact test is p < 0.001).
Detrended correspondence analysis
To display the relations between phytosociological relevés, individual taxa and ecological gradients, the detrended correspondence analysis (Dca) was used. The total variability of the plant communities of Mulgedio-Aconitetea in the Krivánska Malá Fatra Mts is best explained by the first two axes (12.5 %), the cumulative percentage of variability explained by four axes is 19.7 %. The first axis also explains the highest cumulative percentage ( 
canonical correspondence analysis
The canonical correspondence analysis (cca) was used to test the relations between the environmental variables and the floristic composition of plant communities of the class Mulgedio-Aconitetea in the Krivánska Malá Fatra Mts. The variability of the floristic composition is best explained by the first two axes (15.6 %), the cumulative percentage of the explained variability by all four axes is 25.8 %. The first axis also explains the highest cumulative percentage (26.2 %) of direct relations between taxa and environmental variables. Together with the second axis, they explain 45.7 %; the cumulative percentage of total variability is 75.7 %.
In the ordination diagram ( Figure 6 & 7) , the quantitative environmental variables are depicted as the arrows in the direction of increasing values. categorical variables (geological bedrock) are in the diagram depicted as a point. Similarly, the individual species are shown as points, which represent the apex of the convex curve of their optimal occurrence. The most relevant variables are the cryptogam layer, pH-values and altitude, the latter one being strongly correlated with slope.
The more moist stands of the tall-herb plant communities of the associations Aconito firmi-Adenostyletum alliariae ( Figure 6 , symbol 3) and Aconito firmi-Rumicetum alpini (Figure 6, symbols 7 & 8) are clearly differentiated along the gradient of the cryptogam layer against the tall-grass communities, which are characterised by dense and close vegetation, and thick layer of litter on the soil surface, which prevents the development of the cryptogam layer. The relevés representing the association Festucetum carpaticae (Figure 6 , symbol 6) are positively correlated with the pH-values, which logically explains the fact, that they are usually bound to calcareous bedrock. a similar relation can be found between the stands of the association Adenostylo alliariae-Athyrietum alpestris ( Figure 6 , symbol 1), occurring on quartzite bedrock and their negative correlation with pH-gradient. The phytocoenoses dominated by Calamagrostis villosa (Figure 6 , symbol 4) or C. arundinacea ( Figure 6 , symbol 5) are bound rather to marly bedrock with mostly southerly exposed slopes.
The temperature-as well as light-requirementscorrelates positively with the first (horizontal) axis, the negative correlation shows soil moisture and nutrients (Figs. 4 & 5) . This is why the clusters, which represent some communities of the alliance Calamagrostion arundinaceae are depicted in the right-hand part of the ordination diagram (Figure 4) . Those are the tall-grass plant communities, which occur on more dry and warm soils, mostly on slopes exposed to south. The narrow leaves of the grasses do not protect the ground and soil sufficiently enough against the sunshine, as well as they do not prevent the evaporation of soil moisture. The habitat conditions are highlighted by the occurrence of the taxa Sesleria tatrae, Carex *tatrorum, Calamagrostis arundinacea and C. varia ( Figure 5 ). on the left side of the ordination diagram (Figure 4) , there can be identified the tall-herb plant communities, typical with the occurrence and dominance of several broad-leaved herbs, e.g. Adenostyles alliariae or Rumex alpinus ( Figure 5 ), which explains the negative correlation of the group with light-requirements and a positive correlation with soil moisture, hence the broad leaves prevent the sunshine from reaching the lower herb layers, and also protect the soil from soil moisture evaporation. also the occurrence of these communities is bound mainly to avalanche glens and margins of snow beds, hence moister habitats.
The soil pH values correlates negatively with the second (vertical) axis (Figure 4 ). along this gradient, the cluster representing the association Festucetum carpaticae (alliance Festucion carpaticae) is clearly differentiated against the tall-grass plant communities of the alliance Calamagrostion arundinaceae. Since the phytocoenoses dominated by Festuca carpatica belong in the Krivánska Malá Fatra Mts to the most species-rich plant communities above the timberline, they positively correlate with the Shannon-Wiener index of diversity values. conversely, the negative correlation is shown by the species-poorest tall-herb plant communities of the Adenostylo alliariae-Athyrietum alpestris ( Figure  4) . The important factor is the lack of sunshine, due to the formation of very dense, closed phytocoenoses and also very dense litter on soil surface, both of which keep other species from infiltration and catching on in the stands.
along the gradient of soil moisture and nutrients content, the differences between the stands of the communities Aconito firmi-Rumicetum alpini and Aconitetum firmi can be clearly pointed out. Hence, we consider their classification into two dif- brief characteristics of the plant communities of the class Mulgedio-Aconitetea occuring in the Krivánska malá fatra mts
Mulgedio-Aconitetea Hadač et Klika in Klika 1948
Tall-herb communities in the altimontane to alpine belt calamagrostietalia villosae pawłowski et al. 1928 Tall-grass communities of mesophilous high mountain meadows in the subalpine and alpine belt trisetion fusci Krajina 1933
Tall-grass communities on alluviums of mountain streams Aconitetum firmi sokołowski in pawłowski et al. Kliment et al. (2007a) as constant Floriferous, tall-herb, closed plant communities, whose most characteristic feature during the optimal vegetation season is the occurrence of the abundant to dominant taxon Aconitum *moravicum. Its occurrence is rather rare and bound to moist avalanche glens, with occasionally funnelling torrential water from melted snow or rains. The typical stands occur near mountain streams on granite bedrock. For more details see Šibíková et al. (2007) .
calamagrostion arundinaceae (luquet 1926) Jeník 1961
Tall-grass species-rich communities on drier and warmer slopes in the supramontane and subalpine belt digitali ambiguae-calamagrostietum arundinaceae sillinger 1933 dominant taxa: Calamagrostis arundinacea a species-rich, tall-grass plant community of mesophilous high mountain meadows, whose typical floriferousness is given by the occurrence of many species with apparent flowers, such as Aconitum variegatum, Campanula elliptica, Cyanus mollis, or Solidago *minuta. The phytocoenoses occur mainly on the footslopes of scree-cones below the cirques or side slopes of avalanche paths on steep, rocky slopes, where moderately deep, skeletal, densely rooted soils (Kliment 1998 ) have developed. The stands are usually protected by the thick snow cover in winter -up to 140 cm (Kliment 1995) .
This association, typical with the occurrence of several forest species, is supported from the area of the Krivánska Malá Fatra Mts by the single phytosociological relevé (Šibíková et al. 2008a Kliment et al. (2007a) as characteristic 2 species defined by Kliment et al. (2007a) as differential 3 species defined by Kliment et al. (2007a) as constant a typically species-rich and diverse tall-grass plant community. The characteristic aspect is formed by vigorous tufts of dominant Calamagrostis arundinacea together with many prominent-flowering tall-forb species. The optimal biotopes of the community are the upper parts of avalanche paths on moderately convex crests on steep (35-45°) and south facing, mostly leeward slopes below the ridge. In the Krivánska Malá Fatra Mts, the stands are confined to a relatively narrow altitudinal range (1,585-1,600 m a. s. l.). For more details see Šibíková et al. (2008a) . Kliment et al. (2007a) as constant a tall-grass plant community with several welldeveloped herb sub-layers. The phytocoenoses of the association in the Krivánska Malá Fatra Mts are confined to moderately convex crests and the side slopes of avalanche glens of predominantly S-W aspect. The stands are open, sunny and always protected against the strong winds. In winter they are protected by the thick snow cover which, due to the morphology of the terrain accumulates, but in spring melts down quicker than from the stands of other tall-grass communities (bělohlávková 1980) .
Potentillo aurei-calamagrostietum arundinaceae
Probably the phytocoenoses were originally confined to relatively small areas in canopy gaps of the scarce upper part of the forests, around and above the timberline with the possibility of expanding, e.g. into the avalanche paths (bělohlávková 1980). For more details see Šibíková et al. (2008a) . Kliment et al. (2007a) as characteristic 2 species defined by Kliment et al. (2007a) as differential 3 species defined by Kliment et al. (2007a) as constant a closed, species-poorer tall-grass plant community dominated by Calamagrostis villosa. The phytocoenoses show the marginal position in transition to the plant communities of the alliance Calamagrostion villosae, which are not present in the Kriván-ska Malá Fatra Mts. The phytocoenoses of the association are usually situated on leeward, moderately concave slopes, mainly on marl limestone. The suitable biotopes are also shallow terrain depressions or canopy gaps in the dwarf pine shrubs. The altitudinal range of the occurrence of sampled localities is 1,350-1,650 m a. s. l. The stands are protected by thick snow cover in winter. For more details see Šibíková et al. (2008a) .
Allio victorialis-calamagrostietum villosae

Festucion carpaticae bělohlávková et fišerová 1989
Tall-grass chionophilous communities in moist craggy glens on carbonates in the higher montane to alpine belt
Festucetum carpaticae domin 1925
Tab Kliment et al. (2007a) as characteristic 2 species defined by Kliment et al. (2007a) as constant 3 species defined by Kliment et al. (2007a) as differential for the alliance Festucion carpaticae a tall-grass plant community, that belongs in the Krivánska Malá Fatra Mts to one of the most speciesrich communities above the timberline. The phytocoenoses are ecologically confined to stabilized soils of calcareous screes, mainly of rendzina type. They occur mostly on northern slopes, in shaded depressions, protected by rocky fences of cirques, in avalanche glens or canopy gaps in the dwarf pine shrubs. The altitudinal range of the studied phytocoenoses was 1,270-1,687 m a. s. l. The stands are profusely watered during the vegetation season by periodical torrential rainwater, which on the other hand prevents the accumulation of humus in the soil. The snow cover on such stands is usually quite deep and long-lasting, it may unexceptionally last until May (cf. bělohlávková 1980). For more details see Šibíková et al. (2008b) .
Adenostyletalia alliariae br.-bl. 1930
communities of tall herbs and ferns in the subalpine and alpine belt Kliment et al. (2007a) as characteristic 2 species defined by Kliment et al. (2007a) as differential 3 species defined by Kliment et al. (2007a) as constant a species-poor (on average 12 higher taxa per relevé) tall-fern plant community. owing to the thick layer of litter, consisting mostly of dense tangle of dead leaves of alpine lady-fern (Athyrium distentifolium) from the previous year, the ground herb layer and cryptogam layer are strongly underdeveloped. The typical stands are on shaded and stabilised silicate screes of leeward slopes with ample snow accumulation in winter, which afterwards provides sufficient soil moisture. The phytocoenoses also occupy the canopy gaps in the dwarf pine shrubs, although they are gradually receding as a result of successive process of dwarf pine spreading. For more details see Krajčiová-Šibíková et al. (2005 , Geum rivale, Heracleum sphondylium, Hypericum maculatum a species-rich, floriferous, tall-herb plant community. The optimal biotope of these chionophilous phytocoenoses are stabilised calcareous screes with deeper soil and a sufficient amount of unrotted humus and organic matter. The typical stands are confined to steep, narrow and long, nW facing avalanche paths; moist, concave depressions on the lower parts of glens, or in the canopy gaps in the dwarf pine shrubs. The important ecological factor is the periodical torrential water during the rains and snow melting. The snow cover is quite deep and lasts up to late spring. For more details see Šibíková et al. (2008c) . Kliment et al. (2004) .
Relevé 1
Locality: Krivánska Malá Fatra Mts, Mt. Veľký Kriváň, eastern slope above the end of Révayovská dolina Valley; the edge of the avalanche glen within the dwarf pine stands, which divides the limestone and quartzite part of the mountain; the area of the relevé was disconnected in the middle by the depression dominated by Alchemilla sp.; 1 495 m a. s. l.; 49°11 '15,8" N; 19°02'10,8" E; aspect Kliment et al. (2007a) as characteristic 2 species defined by Kliment et al. (2007a) as constant
Petasito-chaerophylletalia morariu 1967
natural tall-herb nitrophilous riparian communities along rivers and streams in the submontane and montane (subalpine) belt
Petasition officinalis sillinger 1933
Tall-herb broadleaved natural riparian communities on alluviums and banks of mountain streams in the carpathian and Hercynian region Kliment et al. (2007a) as characteristic 2 species defined by Kliment et al. (2007a) as differential 3 species defined by Kliment et al. (2007a) as constant a rare chionophilous, subhygrophilous to hygrophilous tall-herb plant community dominated by Rumex alpinus, which forms closed phytocoenoses on natural sites. The stands of the association occupy nW-SW facing, moist to wet concave slopes and glens with a high level of ground water or springs. For more details see Šibíková et al. (2007 .
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